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THE EFFECT OF SPLIT TRAILING-EDGE WING FLAPS ON
PHE AERODYNAMIC CHARACTERISTICS OF A PARASOL MONOPLANE

By Rudolf N. Wallace
SUMMARY

This paper presents the results of tests conducted in
the N.4.C.A. full-scale wind tunnel on a Fairchild F-22

airplane eguipped with a special wing having split trailing-

edge flaps. The flaps extended over the outer 90 percent
of the wing span, and were of the fixed-hinge type having a
width egqual to 20 percent of the wing chord.

The results show that with a flap seitting of 59° the
maximum 1ift of the wing was increased 42 tercent, ard that
the flaps increased the range of available gliding angleé'
from 2.7° to0 7.00. Deflection of the split fiaps did not
increase the stalling angle or seriously affect the longi-
tudinal bsiance of the airplane. With flaps down the land-
ing speed of the airplane is decreased, but the calculated
elimd and level-flight performance is inferior to that with
the normal wing. Calculations indicate that the take-off
distance required to clear an obstacle 100 feet high 1s not
affected ty flap settings from (0 to 200 but is greatly in-
creased by larger flap angles. '

INTRODUCTION -

Considerable attention has recertly been directed to
the use of split trailing-edge wing flaps as a device for
reducing the landing run and increasing the gliding angle
of airplanes. As a part of its general research program
dealing with high 1ift devices, the National Advisory -
Committec for Aeronautics has conducted comprehensive model
tests in the 7 by 10 foot wind tunnel on split trailing-
edge flaps (reference 1), and is now conducting full-scale
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investizations of this device on a Fairchild F-22 parasol
monoplane. _ - o e =
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This paper presents the results of tests conducted
in the N.A.C.A. full-scale wind tunnel to determine the
aerodynamic characteristics of the Fairchild ¥-22 airplane
wvaen edWipped with a special wing having splii trailing-
sdge flgps extending over 90 percent of ihe gpan, The
flaps wére hinged at their forward ¢dge and nad a width
cgual to 20 percent of the wing chord. Absoluts coeffi-
cients of 11ft, drag, and pitching moment wers determined
for flap settlngs ranging from neuntral, or closed posi-
tion to a maximum downward deflection of 59°, =nd from the
angle of attmek for zero 1ift %o beyond the stall. All
tests Were topducted both with the hprizontal. tail surfaces
in plaue and wi;h_them removed.
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Alirplane.- The Fairchild F-22 is a small obPen 2~place
parasol monpoplane powered with an inverted Cirrus air-
cooled engine. A :3Z-view drawing of the alrplane 1s shown
on iigure 1l, and the principal characberlstice of the air-~
plane ﬂB tested_are given in table 1. o )

- Special wing.- The wing 1s of conventional wood and
fabric tdfistruction with a gpan of 30 fest and a chord )
of 66 dnches. The ‘sheet-metal flaps have a width equal to
20 pereent  of the wing chord and extend over the outer 90
percent of the wing ®émispan. They are operated from tae
rear cockpit through a system of gears anéd bell cranks,
and’ have‘a maximum down deflection of 59° from the closged
position. TFighre 2 shows a section of the special wing
with the flaps and upper-surface ailerong; figure 3 is a
photograph of the Fairchild P-22 with wing flaps in full-

doww position. The upper-surface ailerons were locke& in
zero position for all tests. .

W28 tumnel.- The N, A.C.A. full-goale wind bunnel is
described in detall in reference 2. F¥igure 4 ghows the

Pairchild ¥- 22 alrplane mounted Qn the balance in test. po-
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0%, 20%, .20%, and 59° down from the neutral position. The
alrplgne. was -tested both with the horizontal tail surfaces

'remoxea an& with the elevator and stabilizer .set at 0% to

the thrust Taxig. T For all tests the airplane was set at Q0
in'roll and yaw, the rudder was locked at 0° to the fin,
and the propeller was locked in a vertical position

. The tests were made at a dynamlc pressure'of approxi—
mately 8 pounds per sguare foot, corresponding at standard
sea~-level conditions to a velocity of 56 miles per hour and

.to a Reynolds Number of 2,880, 000 based on the wing chord.

For the computation of pitchlng momeﬂfs, a center of -
gravity position was determined with a 140-pound man in the

-- rear cockpit and 15 gallons of gasoline in fhe fuél tank

RESULTS AHD”DISCUSSION

The results of these tests have been corrected for

.wind-tunnel effects and are presented in curve form _on
~figures 5 to 9, inclusive. Flgures 5 and 6 show compara—

tive curves of 0y, Cp, and G, plotted agafnsf angle of

attack of the thrust axis for the four flap anglqs_tegt-_
ed. The curves on figure 5 are for “the condition with the
horizontal tail surfaces set at O° %o the thrust axis, and
those on figure 8 are for the condition with the horizontal
tail surfaces removed. A comparison of the curves on fig-
ures 5 and 6 gives the 1lift, drag,- and pitching moment pro-
duced by the horizontal tail surfaces. Figure 7 gfves the
values of OCymgx, £liding angle, and gliding velocitles

as a function of flap setting. In the computation of these
values, the 1lift, as measured with zero tail- plane setting,
was corrected for the tail plano forces required to balance
the airplane in flight,

The effegct of flap deflection on the 1lift character-
istice of the Fairchild F-22 airplane is shown on figure 5.
As the flaps were depressed, the curves of Cp moved to
the left on the scale of angle of attack hut maintained
practically a constant slope. Zero 1ift therefore 6écUFred
at progressively greater negative’ angles,'and higher values
of Crmgx Wwere reacned at the same stalling angle. A max-
imum 1ift coefficient of 2.09 was obtained with a flap set-
ting of 59°, which represents an incresase of 42 peréent
over the maximum 1ift coefficient of 1.47 for the wing with
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paflape closed The curve’ of Ciméx

"shown on figure 7y indicates that flap settingsgzeater taoan
59° wenld give: 1i+tle further increase in maxinmum llft.
This :hdication is in agreement with the. results of -the ..
model - teets renorted Jin referencc l.

"aéaiheu flap angle,

.....
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. The effect Qf . flap settlng on. the drag characteristics
"of the Falrcﬁild F 22 alrplane is ehown by the drag cdrvee
‘on flgire 5 T C LT "

i e e - e "" h— —

A COmparlson of the relative efficiency of the normal
wing and the wing with flaps down can be made .on the hasis
of ths speed-range crlterﬂon GLmax/CDmin . It is evident

that this function varies directly with the value of CLmax,

inasmuch as the minimum drag of the normal wing is available
at all times. The wuse of flaps therefore increased the val-

uwe of rCLmax/cDmiﬁ by 42 percent. . —
- - R ) - - - - dawr

The &ffect af flaps ‘on the climb and takeﬂoff of the

alrnlaﬁe is- shown" on figures 8 and g. Flgure 8 preeents ’ .
carves ‘of"the power avallable and the power required at the

four Ilap angles tested. The power available was calculat- i
ed from the sngine-propeller charaCuerist1cs of a_ CGirrus _
engline; rated. 96 horsepower at 2,100 r.p.m., and a .normal
fixed-piteh: prépeller. These performance curves’ show that
-the climb and.lével-flight performance of the airplane is
.greatly reduced by depressing %he flaps. Fith the assumed
norsepower: avgilahle, the- maximum rate of climb ig decreased
from 450 feet pér minuts With the ‘laps cloeeg to 30 feet
per ninﬁte with the flaps down 090

1. - B T r-.'..
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The ef'ect o* flap ee@trn* on thc caleulated take~off
characteristics ol the FaircHild 'F-22 airplane is shéwn on
figure>¥. The curve of take-off run required to reach &
velocity 5 miles Eer hour above minimuwm speed indicates that
the alrplana wounld reguire the shortest ground run wlth the
. flaps depréssed approximately 57°.  With flap angles less
than 270 the:ground run would be- 1ncreaeed because of thse
high ¢8locities which =must be roeached before ‘the airplane

sains flying speed, and wif flap angles ‘sreater than 279 '
the leagth of ground run is 1 ikewise increased becawse of
high drag and consequent poor aucLLerauion(' E ey :
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It 1s often napessary daring ar teke-of L to Q0n81der
not onlv t he lengtn ¢f ground run but also the distance re-
quired ‘to glear an obstacle. On flgure 9 {s shown the total
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horizontal distance reguired with different flap settings
to clear an obstacle 100 feet high. This distance Includes
the ground.run required to reach the speed for best 'angle
of climb, the distance covered during the péricd of %transi-
tion from ground run to .flight attitude, and the horizontal
distance required to climb 100 feet at the -best angle of
climb. The determining factor for the total distance re-
guired to clear an obstacle of such height Is the angle of
climb rather than the length of ground run. This distance
"remains approximately the same for flap deflecticns up to
‘209, but increases rapidly at ‘largeér flap angles bedauseior
“’the reduced angle of climb. B A 1“*#*-- -

One of the most 1mportant appliCatlons of the - split
trailing-edge wing flapsvis their.use as & device for in-~
creasing the available range of gliding angle and reducing
.the landing run. 4s -aerodynamic design progreésses and dir-
plane lines are improved, with resultant increase in /D
ratios, it becomes. idcreasingly: important to.havé Zome form
of air brake availabls for steepening the gliding angle in
landing. -If the braking device affords gréater 1if%, as
well as a reduction in the L/D ratio, its value is furfher
enhanced becaunse of the regultant reductlion in velocity a-
long the flight path. On figure 7 are shown curves of mini-
mur gliding angle and gliding dnglé at maximum TIft for the
Fairchild F-22 airplane as a function of flap angle. With
the flaps closed, the gliding-angle range is from 7.70 to
10.49, whereas with the flaps full-down the glidIng angle
at maximum 1ift reaches g value'of 14.79. It is therefore
possible with the split trailing-edgzs wlny flaps to obtain
any gliding angle from 7.7° to 14.70, a total range of 7.09,
. a8 compared toe a- range of gliding angles available with the
normal wing of 2.7° The resuliant Lorizontal and vertlcal
velocitles for = gllde at maximum 1iTt are also shown on
figare 7. The .horigontal velocity, or landing speed, is re-
duced from;51.0 . miles per hour with the normal wing to 41.9
.miles per hour with full-£flap deflection. This rednctidn in
landing speed  is accompanied by a slighj“1nqr§asg_in_quti-
cal velocity.. . T - .

In the consideration of any device that materially al-
ters the 1ift and drag c&aracter;stlcs of an airplane, it
is important te determine its effect upon 1ong1tLd1na1 sta-
bility. For this purpose pitching moments have been comput-
ed for all flap angles tested, and are showih an figure 5
.plotted against angle of attack.. In general, depressing
_the flagps resulted in increased. stahillty,,the greatest
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effuct ‘occurring. at hlgh angles of attack where the diving .
moment was materially increased. . THis jincrease in negative

pitching moment would reguire greatsr- tall plane forces to
trim the airplane, .but from a consideration "of the pitching
moments produced by the present horizontal tail surfaces on
tiie Feirchild F-22 :airplane,. there "should bé no serious dif-
ficulty in dbtaining balancs at all’ angleﬁ of attacf and at
all Plan sebtlngs. -
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The'effect of flap settlng on the pitching momenta of
the wing 4is shown on figure 6, wh@;e_pitching—moment coef=
ficlents for the Fairckild F- 22'airplané ar¢ plotted agalnst
anzle of attack as’ determined with the horizontal tHEil sur-
faces removed, For this conditlon the effect of tail-plane
efflCLency .21d variation in .downwash with change in flap
angle Wdaf éeliviinated, and . .the. results more truly indicate
the chiaracféristics of the wing alone. The pitching-moment
curvey £or the "tgill~off condition gshow that the flaps in- :
creased.the ‘negative value of. Cm at high angles of dttack, o
as wag ‘tha case for the conplete airplase. Fractically all
of the cﬁange in-pitching moment occurred during the first .
20° dapresslon of the. flans.-_, : o T "

CONGLUSIONS L - :

1. Split tra111ng—edgelwiﬁg'flapé increaéed the value
of Crmax” "TOr the zaircnild F-22 alrplane from 1.47 to
2.09, or 42 percent.

2. T™he angle of maximum 1ift or stalllng angle remained .

constant for all flap settings. - . . e =
" Negative pltchinv moment g were increased with flap

aeflectlon at high angleg of attack, but. the change in mo~

ment was not great emough to preveut the attainment of lon-

gitudinal balance The greatest chanve in pitching moments

occurred in the range between 0 and 30° flap depression.

4. The gliding angls at maximim lift was increascd from
10.49 to 14.70, and the rangs between minimum gliding angle

and thsé gll&ln angle at maylmum 11ft was 1ncreased from
2. 70 to Gb . )

5y The computed landing speed af tha qxrplane ‘was re- ;1
dvced from 51.0 m.p.h. with the flaps "closed to 41.9 m.p.h. {
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with the flaps fvlly deflected.

§. The calculated rate-of-climb and level- flight per-
formance of the airplane with fleps depressed was markedly
inferior to that with the flaps closed. :

7. The calculated take-off distance refuired by the
airplane t0 clear an obstacle 100 feet high was approxi-
nmately the same for flap angles form 0°to 20 , but was -
greatly increased for larger flap angles. -

Langley Memorial Aeronautical Laboratory,
Yationel Advisory Committee for Asrongutics,
Langley Pield, Va., August 15, 1933.
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TABLE I .
._.characteristiés of thne Fa;roﬁ;i@-?fzz -
Airplanehﬁith-Speciai Wiég" 1 ) _ o _. a
Weight?(jnclu&iﬁg 140 1bv. in.rear | : ) - . - —:
cockpit and 15 gal. gasoline) - " 1,487 1b.
Airfoil sectibn ¥-22 _ . “:;:
Wing area, ‘including ailengns ’ ’ iGé’éq.ft. %: ?55 ) -
Stabilizer area . | 15.8 8q.ft. f
BElevator aréa ' S 10.4 sg.ft. B
Fin area - | ' 4.1.;q.ft. B :ii
Rudder area . h © 6.0 sq.fb. -
Ting span _ .- 30 14, :
Wing chord . oL T 1t B fb. 6 1h. - '“i
Aagle of wing setting D 0.7 -
Dihedral = . . T g0 _f"f~___j?__;f
Stabilizer asngle to thrust axis Qo ]
Elievator angle to thrust axis 0o _ - :_;
Distance back from leading edge to c.g. | 1 £ft. 5-1/8 iﬁ. .
Distancs below thrust axis to c.g. 5/8 1in. ' _ S e ;;
Distance from c.g. to elevator hiange _ 13.23 ft. -
. SR Y S S T
AR: 30 . 5.5C 4 e as0 dess  lges
e AT T Rt R T
Qo 230! ,907;'7‘03}3 .0573 )
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Figure 1l.-Fairchild F-22 with special wing
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N.A.C.A. Fig. 5
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Fig. 8
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